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A correspondent has recently raised the question, 
What is the variation in int,ensity of rainfall in all direc- 
tions from t,he center of a rainstorm? 

The rains of eastern United States natural1 fall into 
two great 
and, seconx warm-weather rains, comprising for the 
most part convective and thunderstorm rains. It is 
quite probable that a further distinction should be made 

oups, first, cold-weather or cyc 19 onic rains 

or not the rainfall at  the geographical center of a rain- 
storm is greater than a t  some distance from the center. 
It is B matter of conimon observation that the rainfall 
increases from zero at the margin of the storm to what 
may be called the average intensity at some unknown 
distance therefrom. In the absence of observational 
material 1itt.le progress can be made toward a satisfactory 
solution of the problem. What is needed is a close net- 

~ ~~ 
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FIG. 1.-Distribution 01 rain gages, New Orleans, La. 

to take account of the latitude effect or distance inland 
from a large body of water. Rains of the first group, 
as a m10, are rather widely distributed and of rather 
uniform intensit , but rains of the second group are, on 

greatly in intensity with distance from the geographical 
center of tho storm. 

The dist.ribution of preci itation about the center of a 
barometric depression has gee, studied by a number of 
meteorologists, but the results of their studies refer, 
almost exclusively, to the eographic distribution about 

different parts of the storm. 
It is not known with any degree of certainty whether 

the other hand, 9 nrgely local in character and may vary 

the center rather than to t a e intensity of the rainfall in 

work of gaging stations placed a t  uniform distances 
apart so as to cover completely some restiwted area. 

The city of New Orleans, La., throu h its sewerage 

stations d h i n  the cit, 1imit.s and to t.his number two 
additional gages may {e added, via, those maintained 
b the Weather Bureau and the sugar experiment station, 

of the sewerage and water board gages. There is available, 
therefore, in reality but seven ages within an area of, 

8 scuare miles. Details as to esposure of sese .gages 

the gages may be seen from figure 1. 

and wat,er board maintains a network o B six rain-gaging 

a r though the latter gage is exposed within a few feet of one 

say, roughly 50 to 60 square mi 7 es, or one a e to about 

will 53 e fouiid in the table next below and the position of 
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Elevation 
above ground, 

feet, tn- 
No. and name of 

station. Location and exposure of gage. 
l l  

Dis- 
tance 
from \;;zh- 

er Bu- 

U. 8. Weather Bu- 
Sugar. experiment 

1. Dublin .......... 
2 Psrk ............. 
3. JefIerson ......... 
4. City hall ......... 
5. London .......... 
0. Algiers ........... 

reau. 

Statlon. 
9.2 

3.8 
20.6 

77.1 
7.0 

19. s 

I 1918 I 

21.5 On retslnlng wall at water piuificatlon j 3.8 
plant. I 

15.3. T of shed Gen Pershing Street and 2. 9 
%emon harkit. 

91.0 RoofoIcltF hall ....................... I 0.4 
8.5 On small platform at  London pumping I 2.9 

station. 
19.0 ~ o p  ?r shed ln Algiers, ri:ht hanli \ f i s  1.1 

sissipgi. 

3.6 On ground In Auduhon Park.. ....... .' 1.5 

! 

Root old customhouse.. ........................ 
4.5 On ground In Audulion Park.. ........ .I 

Stations. 

U.S.WerrtherBure&u,u. .................... 
Su~rexperiinent statlon .................. 
Dublin .................................... 
Park ...................................... 
Jeflerson ................................... 
CIty ball ................................... 
London ................................... 
Alglers. .................................... 

- - -- 
I 

--- 

7.33 10.33 %%? . 13.31 11.66 11.40 11.43 9.29 1816 12.46 9.14 13.62 130.M) 
7.32 9.44 i .90 I 12.m 11.29 12.33 1 l .m 7.81 16.40 12.17 6.80 12.57 127.94 
RZJ 9.21 12.59 13.57 16.91 8.35 10.91 S.70 16.73 12.40 6.03 12.73 136.33 
7.16 10.02 13.08 1 11.41 12.01 7.GS 9.71 7.10 16.97 10.37 6.58 12.64 126.18 
7.62 9.15 12.70 I 12.36 14.43 8.04 11.30 10.80 11.84 l4.3ll 4.71 13.97 131.81 

The sewerage and water board st-ations, except No. 4. 
city hall, are equipped with an %inch y g e  of n pattern 
des' It is reoretted t in t  n description 
of t Y? e gage is not available. Tge city hall ezxge is one of 
the tip ing-bucket form manufactured by Eriez: it is the 
on1 se E -recording gage in the network escept that of the 
U. g. Weather Bureau. 

The data afforded b this network of stations while 
serving to delimit loca r rains so fcr as the city itself is 
concerned do not answer the question of t.he variation of 
the intensity of the storms. 

Our first step in the analysis was to sunmiarize the 
results by computing monthly and annual averages for 
each station. This work was clone several years ago: 
at  that time the year 1916 was the latest aviiilablr and 
consequently the averaged considered are for the 32 
years, 1895-1916. 

The group mean for the seven stations is %.SO inches 
for the year. The stations having averages in e w e s  of, 
or below that of the group mean are shown in the following 
exhibit: 

ed by the board. 

Stations above the mean: Inches. 
Weather Bureau gage.. ................................... 0. W j  
Su,w experiment station. ................................ 3. CJ:S 
Parkgsge ................................................ .31 
Jefferson gage ........................................... . 2  1 
London gage. ........................................... .30 

Dublin gage. ........................................... 2.07 
Stations below tlie group mean: 

A l ~ e r s g a ~ e  .............................................. 1.44 
Hrtllgage ............................................... .73 

Average .................................... i .10 
Range(inches) ............................ 2.26 
Percent ofaverage ....................... 1 30 

From the above it ap ears that sewer and water 
board stations, London, fefferson, and P a x  a ee very 

the deather Bureau also agrees closel , feing !:rtL 
characteristic roof exposure, gives an annual mean 0.72 
inch below the group mean. 

Su ar ex eriment station (New Orleans, No. 21, ex- 
ose t side -i y side with sewerage and water board gage KO. 2, catches t-he greatest amount of precipitatlon of 

any of the stations in t-he roup t,he excess above the 

as will a pear later. The catch of the Dublin gage 1s 

On the whole the discrepancies are not greater than 
was t.o be espected, the greatest escess being a little more 
than 5 per cent, and the greatest deficit being a little less 
than 4 per cent, so that we ma conclude that the prob- 
able error in the catch of an inzvidual gage as compared 
with the group mean will not exceed plus or minus 5 per 
cent.. 

I.'crriationx .in monthly meatas.-It is assumed without 
deiinit.e proof that the catch of any number of gages 
properly exposed and situated in close prosimit to each 

nnd heavy precipitation. 
I hnvc. therefore selected from the record of t.he 

Weather Bureau gage for each inonth of t.he year, the 
greatest precipit>at.ion recorded in the 22 years, and 
present t.he totals of those months on the top line of t,he 
trible nest below. Immediately below are given the 
mont,lilg totals for the corres onding months at  each of 

The following-named arrangement enables us to con- 
sider 12 niontlis of heavy prec.ipit,at.ion as recorded a t  
e idl  of the seTen stations. Only two of tlie months in 
t.he table are consecutive, but that is not material to our 
purpose. Tho group mean for t,he seven stations is 
133.74 inches. An examination of the results in table 
shows that the variation during times of heavy preci i- 

nll conditions of rainfall combined. It. should be em- 
phasized, however, that averages should be used cau- 
tiously. The records for September, 1S98, show how 
,areat,ly the individual gages may vary from the mean. 
?'he greatest catch during that month was 131 per cent 
of the mean, while the least was only 74 per cent, or a 
range of 47 per cent. 

closel with the group mean. The roof ex ose % 
inch above the group mean, The Hal 9 gage, the other 

group mean bein 3.03 inc a es. The excess above the 
mean of the mont % ly amounts is of course much greatef, 

least of n 7 1. 

ot,her will show the greatest variation in times o 9 frequent 

the sewerage and water boar a stations. 

tation is very littlo greater, about 2 per cent, than un cp er 

--- -~ ------ - 
9.85 11.79 12.61 13.33 10.09 11.10 9.18 16.19 1218 6.52 13.39 133.74 
1..W 0 . S  2.35 5.92 1.65 2.42 3.83 7.61 3.W 4.43 1.M .......... 

13 I 53 1 19 4 1  . 46 n 48 47 32 88 14 .......... 
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(1903). 

ais 
.23 
.29 
.?A 
.15 
.12 
.I7 
.% 

.21 

.17 

It may be interesting to inquire into the circumstances 
attending the precipitation of the month in question. 
September, 1898, was a month of phenomenal1 heavy 

three separate barometric depressions from the Gulf of 
Mexico advanced over the State. These depressions 

ave a t  New Orleans three periods of rainfall of two, 
%ree, and five consecutive da s, respectively, the total 
precipitation a t  New Orleans ieing 1.67, 3.55, and 7.94 
mches for each of the eriods. Since there is no surface 

which produced the rains must have been inherent in the 
cyclonic circulation of t.he individual storms. The vnria- 
tion a t  New Orleans amounted to 7.61 inches in a distnnce 
of not more than 4 miles in a nearly east-west direction. 

Why it should vary within such narrow limits is not 
ap arent. The phenomenon of unusually henry rain- 

not new; good esamples may be found in the August, 
1916, REVIEW. (See Charts 9G99.) 

The data of Table 2 afford material for further 
study. Curiously, the weatest 12-month masiniiim 
precipitation was recorde8 a t  the U. S. Weather Bureau 
station-a roof exposure, although the gage at sugar 
experiment station records the greatrest catch on the 
mean of the year and also durinv moiit.lis of minimum 
preci itation. (See Table 3.) %'here are, however, 

leads us to suspect tlmt the reasons for a reversal might 
be discovered by further investigation. 

Treating tlie months of least rainfall in t.lle same waF, 
it is found t.hat the group mean for t,he 13 months is 
15.82 inches. Sugar esperiment station gage consistmt.ly 
records the greatest preci itnt.ion, the total for the 12 

group-meanwhile the M7eather Bureau record for the 
same 12 montslis was but 53 per cent, of the group mean, 
a range of 41 per cent, or not quite so great as  in case of 
the months of masimum rainfa 1. The mont.Mv nmount,s 
for each station are shown in the subjoined table: 

rain in the entire State of Louisiana due to the 9 act that 

relief in southeastern E ouisiann the vertical convection 

fa1 P over circumscribed areas in tho east Gulf Stat,as is 

mont \ s when these condit,ions are reversed and this fact 

months of minimum rain P all being 134 per cent. of tlie 

I .  ber 
(1913). -- 

1.78 
2 1 4  
1.36 
1.82 
1.83 
1.87 
1.40 
1.34 

1.70 
.So 

-- 

as an inch or more w e e  recorded. Some examples of 
irregular distribution follow: 

On August 13, 2.38 inches of rain fell at the London 
station, 0.61 a t  the United States WEATHER BUREAU, 
1.52 at  Algiers, and 0.54 at city hall. These stations arein 
a north-south line, approximate1 within an area 2 miles 

within the city limits. 
On Au ust 5 the rainfall was confined to the two sta- 

1.56 at  the latter. Both stations are in t.he same art 
of the city in a nearly east-west line and distance P rom 
each other not quite 2 miles. The heaviest rain was at  
the western station shading off to zero in a little more 
than 2 miles. The record contains many cases of light 
rains generally less than 0.04 inch at  one st.ation and none 
at  the others. This is especiully true of the warm season. 

Below will be found a table giving t.he dates used to 
illustrate the distribution of local rains at  New Orleans. 
The group mean has been computed for each date and 
t.he depnrt.ures therefrom are given for each station. A 
departure equaling the groups mean signifies no rainfall 
at, the stat,ion. 

Finally I ma mention a series of rain-gage measure- 

Wilford M. Wilson in charge of that station. The two 
gages used were the regulnr S-inch station gage and a 
siiiiilar gage exposed a t  the evaporation stat,ion, 374 
ynrcls dist,snt from the station gage in a practically east- 
west line. Daily measurements May to October for 
t hke  seasons are available for comparison. 

In  general tlie differences in catch of the two g es are 
quite small ani1 of little practical im ortance. ?n but 
one of the IS months considered d i z t h e  accumulated 
differences amount to as much as half an inch; in this 
ca.se the totnl of the small daily differences amounted to 
0.74 inch. I t  is only on rare occasions that the daily 
tiinounts differed by as much as a quarter of an inch. 
On no date during the three seasons wm there substan- 
tial rain (one-fourth inch) at  one station without a like 

wide by 3 miles long. No rain 9 ellaat the other stations 

tions, Je P 'erson and Park, 0.47 falling a t  the former and 

ments made at, 9 thaca, N. P., under the direction of Prof. 

Park.. ..................................... 
Jeffersnn ................................... 
City hall.. ................................ 
London.. ................................. 
Algiers. ................................... 

TAULE 3.--.lIonths of ))iimini.ziin piccipila!ion ut h7ew OrLnna, Lo. 

2.42 
4.46 
2.64 

2 76 
2 7 2  

January 
(1902). St.ations. 

1.21 
1.09 

.44 1.17 

1.46 :gl l .M 

--.__ 

U. 8. Weather Bureau ..................... i 
.............. ................................. .I 

I January. 
I 

............ 1 1 6 1 2 2  Dgtes.. 

February. March. Aprll. 

2 0 1 2 5  26 3 1 6  10 16 I -------- - 

0.97 
1.44 . I1 
.76 

1. os 
.85 
.6S 
.71 

1.37 1.29 1.80 I 2 4 2  1.10 - .28 - .08 - .44 + .03 + .22 + .06 
+.W - . 2 0  +.24 

Hall ............... + .09 .W + .17 
Algiers ............. + .05 + .M + .25 
London ............ - .02 .OO - .27 
Weather Bureau.. . + -17 - .04 + .12 

.&6 
1. oj 

1.84 + .Ol 
+ . l o  
- . 0 6  + .03 - .16 + .M + .19 

1 3 2  .e 
:75 I 1.55 

I 
April \lay 
(loin). I iiwq. 

-. -- 
11. Illl I 0. o? 
1.13 I .05 
1.2s .ou 
1. (IS . 02 
.91 .17 
.SY .w .s , B5 

1.07 .2S 

1.03 . l 5  
..w .65 

__ 

June 
(IrJMj. 

0.96 
?. 51 
1. os 
2. 70 
1. 62 
.75 

1.73 
.6? 

1.54 
2.21 

July 
(18%). 

2.92 
4.44 
3.17 
4.35 
4.20 
3 . P  
3. ?.i 
3.13 

3 . a  
1.52 

... 
TO&, 

13.18 
1o.m 
14.34 
17.37 

13.65 
18.91 
13. 76 

15. sa 

17. n 

......... 

Before concluding this study I have made a short 
examination of the variations in the %-hour catch at  the 

rain at  tlie other. In this respect the record differs from 
that at  New Orleans. 

gaging usin for this urpose the records TABLE 4.--l)bfn'butbn of local raim at hTew Or1ean8, La., 1919, a d  
departure from fk group mean in each m e .  

[Inches and hundredths.] 

of 1919 only. It would f e  to estend the 
examination -. to other years but time was not avail- 
able. 

Twenty-eight dates in that year were selected on each 
of which the rainfall a t  one or more stations in the group 
amounted to an inch or more. A rou mean was com- 

uted, and departures were tabu 7 B  ate for each date. 
$he results appear in the table next below. In  the great 
majority of cases the variations are small and unim- 
portant. On 15 of the 28 dates the differences a t  one 
or more measuring oints e ualed or exceeded half an 
inch and on 5 out o P I  the 28 ates differences of as much 

Groupmean ....... 1 1.02 I 1.67 
LluLiln ............. - .09 - .27 
Park ............... + .01 + .13 
Jefferson ........... + .05 + .04 
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TABLB i.-Disbibution of local rains at New &leuna. La., 1919, and 

departure from the group mean in eueh easdontinued. 
TABLE 4.--Dist7i~Zion of local rains at New &2urns, La., 1919, and 

departure from the group mean in each eaee-Contiaued. 

D a h  .............. 
O m  mean ....... 
Dub& ............. 
Park ............... 
JoffeR~n ........... 
Hall ............... 
h d o n  ......... ...- 
WmtherB~Ue8~...+ 
Algim ............. 

May. June. 

12 26 I 2 13 24 

1.60 1.62 0.6131 0.53 1.72 0.98 + .63 - .51 + .27 + 1 . 9  - .51 - .ll + .10 + .20 + .U - .46 - .01 - .14 - .46 - .02 + .52 - .45 + .16 - .31 - .33 + .01 - .3G - .36,- .ll + .21 
+.19 +.lo - . 2 9  -..53!-.15 +.01 

-13 + -16 - .55 + .S - .35 - .16 
-26 - .23 - .32 - .34 - .3B - .33 

-_ - - -- - - 

I l l  

July. August. 

12 I 20 1 25 Date# ........ 5 1 13 1 24 
-.-- --- 

- .s 1- .13 :+ .e6 

.... 

SUBSTANCES DISSOLVED IN RAIN AND SNOW. 

By SHERXAN SKAFFER. 

ptount Vernon, Iowa, June 10,1921.1 

The determination of the character and quantities of 
the substances dissolved in rain and snow is of consider- 
able interest and importance. M work is a continuation 
of the rain and snow analyses w&ch have been made a t  
Cornell Colle e for a number of years. 

ware pans, a t  an open spot near the center of the village 
of Mount Vernon, Iowa. Mount Vernon is a town of 
about 2,100 population, situated 17 miles from a manu- 
facturing center, and with no industries of its own. The 
samples were anal zed as soon as possible after they 

laboratory conditions, but every precaution was taken 
to avoid contamination. 

Forty-five samples of rain and snow were analyzed, 
during the period from August 18, 1930, to June 1, 1931. 
The preci itation during this period was 20.97 inches, 

inches of snow are taken as equal to one inch of rain. 
The nitrates,syhich fell during this period amounted 

to 0.60126 pounds er acre, assumin that 1 inch of 

comtent was 0.3 part per million. The highest nitro en 
contenf, wps 1 part per million on January 4, 1951. #he 
p - m t P 6 T  mwates is influenced by the length of the 
mterval between rains. X curve drawn for intervals 
between rains as abscissp and nitrates per inch of rain 
as ordinates tends to rise as tlie interval is increased. 
There is no noticeable variation of the amount of nitrates 
with the seasons. On the contrary, the average through 
the year is quite constant. When the amount of nitrate 
per inch of rain for encli month is coni ared with th5 

nitrates are greater when the rainfall is less-that is, the 
solution is more concentrated, as might be ex ected. 

method and no sodium carbonate is added before evapo- 
ratin the water, no nitrates are found. This would seem 
to infiicate that all the nitrate is in the form of free nitric 
acid. If this is true, the ammonia present must be 
united with some other acid radicle, or it would combine 
with the nitric acid. 

The nitrites totaled 0.03985 pound per acre. The 
highest figure was 0.03 part per million on May 17, 1921. 
The average was 0.0033 part per million. A curve 
drawn for intervals between rains as abscisss and 

The samp k es for analysis were collected in enameled- 

were collected. T i ey were analyzed under ordinary 

18.14 inc % es of rtiin and 34 inches of snow. Twelve 

water on 1 acre weig JI is 226,575 poun d s. The average a 

rainfall in inches for each month, it is F ound t-hat the 

When the nitrates are determined by the phenolsu P phonic 

~~ ~ 

1 The latest edition of Sinithmnian Mdmrologicd Tabled gives the weight d an inch of 
rainfall p r  acre at a temperature of E2' as 113 short tons or 2Zi3.W pounds.-Ed. 

Thearithmeticalmean ofall of theanalyses. 

I November. I September. I October. 

0.93 1.47 I 1.10 1.m 0.85 a94 3.51 + .24 - .37 -.az -.a + .M +.a + . w  

+ .a - .19 I+ .E - .19 - .65 - .52 +.a 
- . 2 4  + . 4 4  .iM -.66 f.40 -.40 -.a7 + .38 + .36 - .31 +1.32 - . I6  + .01 - -38 
- .1P - .oT, I+ .29 - .I3 - .65 + .41 - .47 - .29 - .17 I+ .01 + -30 + .60 - -03 - .I 
- .ll - .as/- .10 - .36 - .65 + .3S - .63 

nitrites per inch of rain as ordinates showed a~ increase 
with an increasing interval, but the curve was very 
irregular. The nitrites, like the nitrates, tended to 
greater concentration when there was less rain, but this 
tendency w~ts not so marked as in the case of the nitrates. 

The total amount of free ammonia was 1.48045 pounds. 
The highest ammonia was in the snow of November 27, 
1920, which tested 5.1 parts per million. The average 
was 0.47 art per million. On the whole, no difference 
was founa in the amounts of substances dissolved by 
snow and by rain under the same circumstances. Tlus 
differs from the results of former investigators, who 
found that snow did not dissolve as much of the sub- 
stances as did rain. 

The albuminoid ammonia amounted, during the 
period, to 1.16052 pounds per acre. The hi hest being 
2 parts per million, on December 13, 1920, an Lf the lowest 
0 on April 1,  1921. The avera e was 0.38 part per 
million, considerably less than t % e free ammonia. A 
curve drawn between albuminoid ammonia per lnch of 
rain and number of days between rains showed a v 
strikin increase of ammonia with increase of i n t e r 3  
The a1 % uminoid ammonia remained on the average fairly 
constant throughout the year, as did the free ammonia. 
Both were lower in the spring than during the fall and 
winter. 

A total of 34.43179 pounds of chlorides per acre 
was found; The averaae chlorine content was 10.1 
rarts per million. The Ki hest was 49.7 arts per mil- 
ion. The chlorides were % ioher during t I: e winter and 

spring than during the fall. afl'hey were not found to be 
resent in constant proportion as was reported b 

former investioators, but varied from 3.5 parts er d 
lion to 49.7. ?'he chlorides show tlie same ten c f  ency as 
the other substances to be more concentrated when the 
rainfall is less. A curve between chlorides and intervals 
of time shows a tendency toward increase in chlorides 
with increase in tinie interval. 

The total sul hates amounted to 327.0619 pounds 
per acre, figurecfas SO,. The average was 29.9 parts 

er million, and the highest.lOl.2, on May 17, 1921. 
$he sulphates undoubtedly come from the combustion 
of the sulphur in coal used for heating. The amounts 
found rise from none in August, to 4.8 pounds per acre 
in September, and to 66.2 pounds per acre in February, 
after which they again dechne. 

Thirteen determmations of sulphurous acid were made, 
using N/10 iodine- otassium iodide solution against 

solution. Seven of the testa N/10 sodium thiosuphate P 


